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EXPERIMENTAL HISTAMINE PRTJRITUS
II. NATURE; PHYSICAL AND ENVIRONMENTAL FACTORS
INFLUENCING DEVELOPMENT AND SEVERITY*
FRANK E. CORMIA, M.D. AND VIRGINIA KUYKENDALL
In a preliminary study on pruritus (1), an investigation was made of some of
the physical and psychological factors affecting reactivity. Itching was produced
by injection of a freshly prepared histamine phosphate solution in a special
diluent. By use of a quantitative technic, the end point of reactivity could be
determined. The greatest dilution of histamine which produced a demonstrable
pruritus was defined as the itch threshold. Threshold reactivity was then studied
under various experimental and clinical conditions.
Histamine was found to be fairly satisfactory for the production of itching; if
the subject was under 50 years of age, itching could be produced in some 90%
of the patients tested. In a minority of subjects and particularly those over 50
years of age, the itch response could not be produced. This absence of reactivity
could not be satisfactorily interpreted, nor has it been explained to date. It
became especially confusing when it was found that the objective reaction to
histamine was remarkably constant. On the contrary, experiments by others as
well as personal observations have shown that the application of cowhage (itch
powder) invariably produces itching. This substance was employed ingeniously
by Graham and his co-workers (2) in experiments concerning the nature of itch-
ing. However, it proved unsatisfactory in the present work. The sensation pro-
duced not only was an impure one but also had components of pricking, itching,
and burning; furthermore, it could not be satisfactorily measured.
Preliminary studies on the itch threshold established the fact that end point
reactivity was variable from patient to patient and was influenced further by
experimental and clinical conditions. As clinical pruritns increased in severity
the itch threshold tended to be lower. Thresholds were much lower in involved
skin than in uninvolved skin, both in patients with dermatitis and those with
itching but without demonstrable lesions. Concerning psychogenic itching, an
inverse relationship was found to be present between the itch threshold and the
degree of psychic disturbance. Moreover, the itch threshold could be consistently
lowered and the intensity of the sensation increased following the deliberate in-
duction of psychic trauma.
Interesting as these findings were, unexplained variations indicated the neces-
sity for additional base line observations both on the nature of itching and the
factors influencing its severity. These investigations comprise the material for
this report.
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MATERIALS AND METHODS
Materials used were identical with those employed in previous experiments.
Histamine was found to be the most satisfactory itch producing substance, since
the diffuseness of the objective response proved ideal for the stimulation of those
nerve fibers carrying diffuse pain sensations. Additional materials consisted of an
infra-red lamp for raising the temperature of the skin, a potentiometer for meas-
urement of skin temperature, and a voltohmist for measurement of electrical
skin resistance.
OBSERVATIONS ON THE NATURE OF ITCHING
Considerable experimental data has been amassed on the nature of itching, and
the majority of investigators believe that itching is a modified form of pain.
Stimuli not sufficient to produce pain often give rise to itching. Specifically,
Bishop (3) was able to elicit itching from repeated low intensity electrical stimu-
lation of pain spots. Hardy, Wolff, and Goodell (4) found that thermal irradia-
tion below the critical pain threshold at times would result in itching. Lewis,
Grant and Marvin (5), Bickford (6), and Graham and his associates (2) observed
reciprocal relationships between itching and pain. Goldscheider (7) found that
"itchy skin" developed around an area painfully stimulated by pinching the
skin. The neural pathways for itching were further clarified by the experiments
of Förster (8) and Bickford (6) who reported that itching and pain, but not touch,
were abolished in patients following section of the lateral spinothalmic tracts.
It would seem, then, that itching is a modified form of pain, carried on afferent
pain fibers conducting diffuse pain sensations, with subsequent discharge of
impulses up the spinothalmic tract to the somesthetic cortex.
As would be suspected, the character of itching varies according to the nature
of the stimulus, the type of cutaneous soil stimulated, and the integrity of the
nerve pathways. When histamine is employed there is a considerable variation
in the sensation produced. Apart from the absence of reactivity, a mild pricking
or tingling sensation may be described. As the sensation becomes more intense
a pure type of itch occurs. Further increases in intensity are characterized either
by an admixture of itching and burning or at times by burning alone. Sensations
initially burning in character eventuate frequently into a pure itch with the
elapse of time. Mild pricking may be noted at times as the end point of an ini-
tially pure type of itching. Exceptionally, when quantitative dilutions of hista-
mine are employed, strong concentrations will elicit burning, increasing dilu-
tions a pure itch, and greater dilutions pricking alone. As before stated, itching
elicited by cowhage commonly includes all of these elements; in addition a feel-
ing of warmth may be experienced.
Experiments on Whealing and Itching
While itching may be observed in many unrelated dermatoses, its develop-
ment in pure form occurs most characteristically in the urticarial wheal. How-
ever, previous experiments with the cutaneous histamine reaction potentiated by
the subcutaneous injection of methacholine (mecholyl) resulted in paradoxical
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findings. Following the administration of mecholyl, the histamine wheal became
enormous, attaining the dimensions of the histamine flare. Under these condi-
tions the pre-existing itch became greatly diminished or disappeared. These
findings contrasted sharply with the belief of Rothman (9), who stated that it
is hard to imagine that itch is of histamine origin when there is no whealing.
Lewis (ba) has shown that following the application of a tourniquet to the arm
and utilizing a pressure greater than 50 mm. of mercury, wheahng does not de-
velop following the pricking of a solution of histamine into the forearm. A modi-
fication of this experiment was performed on two patients. A blood pressure cuff
on the arm was inflated to a pressure of 50 mm. of mercury and 0.05 millileter
of histamine solution was injected intradermally. Whealing, except for that
produced by the mechanical displacement of tissues by the injected solution,
did not develop. Furthermore, the amount of whealing produced formerly by a
control injection of a comparable amount! of saline diluent was larger than that
produced by histamine in this experiment. Despite this finding, the development
of the histamine flare and of itching was not inhibited. It would seem, then, that
itching is a result of pathologic changes in the flare rather than those in the wheal.
This concept approximates more closely the known facts about the diffuse na-
ture of itching.
Wave- li/ce Character of Itching
Itching may be continuous or wave-like in character. When various dilutions
of histamine are injected intradermally into a reactive subject, the itch produced
by more concentrated histamine solutions is ordinarily continuous in nature.
With increasing dilutions, the sensation tends to take on a wave-like character.
When burning is experienced instead of itching, identical findings are obtained.
Itching occurring in waves tends to supervene at intervals from 15 to 65 pulse
beats. With the passage of time, the intervals between waves of itching gradu-
ally increase until finally the sensation disappears. The thought occurred that
the wave-like character of itching might be due in part to especially strong
arterial pulsations. This possibility was investigated by means of the applica-
tion of increasing pressure with a blood pressure cuff. It was found that when
tourniquet pressure was maintained at 50 mm. of mercury, itching produced by
histamine decreased in intensity with persistence only in its continuous form.
The throbbing or wave-like character of the itching disappeared. When the pres-
sure was raised to 70 mm. of mercury, the intensity of the pruritus further de-
creased. If the pressure was raised to 80 mm. the itching was first replaced by
burning and then disappeared. Itching recurred when normal circulation was
restored. It was found possible to effect the inhibition and subsequent recurrence
of wave-like itching during five successive periods of temporary reapplication
and release of pressure.
Relation to Itching to Burning
As above noted, there is considerable interchanging and often admixture of
the sensations of itching and burning. It was found in previous experiments
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that burning rather than itching was apt to occur in certain patients tested with
histamine. This group included those with severely pruritic dermatoses and
others with pronounced anxiety or tension states. In patients with itching ad-
judged to be psychogenic in nature, simple itching produced by histamine in an
uninvolved area of skin could be replaced by burning on a subsequent injection
following psychic trauma. These and other observations suggested that burning
was a severe form of itch. The assumption has been made that itching and burn-
ing as well as pain, are due to local tissue injury (11). An experiment was then
devised so that the degree of local tissue injury could be gradually increased.
This was accomplished by repeated injections of histamine into a given site.
Injections were given at three minute intervals. In a few experiments, strong
concentrations of histamine were used, but it was found that this produced ex-
cessive whealing. It will be recalled that when the wheal was poteutiated by the
subcutaneous injection of mecholyl at a distant site, itching diminished in
severity. This finding was again noted in the preliminary experiments with
histamine alone, when the concentration of the drug was high. It would seem
that the increased tissue damage undoubtedly present was more than offset by
the cushioning and diffusing effect of greatly increased local tissue fluids. Ac-
cordingly, subsequent experiments were performed with histamine in a dilution
of 1:10,000 or 1:100,000. Nineteen patients were utilized for the experiment.
Following the initial injection of histamine, itching was produced in ten patients,
itching and burning in four, and burning in five. Of the ten patients who noted
itching following the first injection, two developed burning on the second injec-
jection, seven on the third injection, and one on the fifth injection. Of the group
of four patients with initial itching and burning, the itching became less severe
or temporarily disappeared in one case, and the amount of burning increased
with the second injection. A third injection resulted in less severe burning fol-
lowed by the development of a surrounding area of itchy skin. Burning became
less intense with four successive injections in the other three patients of this
group. In the last group of five patients experiencing burning on the first inj cc-
tion, the burning became successively diminished with subsequent injections.
It is of interest that in those patients in whom itching or burning became less
severe on successive injections, the sensation frequently became wave-like in
character. One patient with a minimal reaction consisting of pricking with a
wave-like form, finally noted burning on the fifth injection. In other patients,
particularly those with initial burning, the sensation was frequently replaced
by a pricking sensation which in turn disappeared with further injections. When
pruritus and burning coexisted, the pruritus was first to disappear on subse-
quent injections. To summarize, the subjective reactions to repeated injections
of histamine in a single site varied greatly in character. When itching was the
initial symptom, subsequent injections frequently gave rise to a sensation of
burning, presumably due to increased local tissue injury.
Production of Itch by a Burning Stimulus in Partially Anesthctizcd Skin
An experiment was devised in an attempt to produce itching with a stimulus
which ordinarily causes burning. A circular area of skin approximately 4 cm. in
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diameter was anesthetized by multiple subcutaneous injections of 2 percent
procaine hydrochloride. After a suitable interval, the ensuing area of anesthesia
was plotted by determination of pinprick sensibility, and the anesthetic area
was outlined on the skin. A folded towel was arranged so that only the anesthetic
area was exposed. The skin was then heated to 41°C. with an infra-red lamp.
Ordinarily, such heating of normal skin results in a decided sensation of burning.
The procedure was carried out in two separate experiments. In the first experi-
ment, no sensation was experienced as long as cutaneous anesthesia remained
complete. After some fifteen minutes the anesthesia began to diminish, initially
at the periphery, followed by gradual subsidence in the central area. The gradual
return of sensibility was mapped by testing with pin pricks. As anesthesia sub-
sided at the periphery, and as the burning stimulus was continued, moderate
itching was experienced in the peripheral zone. With further diminution of anes-
thesia, itching was noted more centrally and finally involved the entire area. At
this point, some numbness was still present, but the sensation of pin prick could
be distinguished. This experiment demonstrates that when partially anesthetic
areas are subjected to a burning stimulus, itching is produced. In this connec-
tion, it should be recalled that when electrodesiccation is performed in an area
not completely anesthetized, mild burning may ensue. The second experiment
was modified as follows:
While anesthesia was still complete, and the skin temperature maintained at
41°C., histamine was injected into the periphery of the anesthetic area. The
dilution of histamine employed was one which had formerly produced severe
itching in a control area of skin. Itching was not produced at the site of injec-
tion. However, itchy skin developed in a surrounding unilateral kidney-shaped
area 4 by 8 cm. When the pruritus became diffuse throughout the previously
anesthetic area, a second injection of histamine was given in the central zone.
This resulted in mild itching at the injection site, and in the development of
itchy skin over two-thirds of the flexor surface of the forearm. The occurrence
of a large area of itchy skin, when the itch stimulus produced only slight lo-
calized pruritus, may be explained by the potentiating effect of heat. As will be
seen in a subsequent experiment, the itch stimulus in this instance was a sub-
painful one. The results obtained are somewhat analagous to those of Gold-
scheider (7), who was able to induce the phenomenon of surrounding itchy skin
by a painful stimulus (pinching).
Refractoriness to Histamine
Refractoriness to repeated inj ections of histamine has been described by Lewis
(lob). The phenomenon was noted also in the experiments in which repeated in-
jections of histamine were made into a single site. It was noted that as injections
were continued, subjective reactivity gradually diminished. All sensation dis-
appeared after three injections in three patients, after four in six patients, after
five in seven patients, and after six in two patients. In a last patient the intensity
of the response steadily diminished during seven injections. In the analysis of
these results, the spacing of successive inj ections is of considerable importance
in the results obtained. One patient was given five injections of histamine,
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1:10,000; initially, the sensation experienced was one of pricking and mild burn-
ing. Burning disappeared on successive injections and only pricking sensations
were experienced at the end of the experiment. Delayed testing was done on
eleven patients, one hour after refractoriness was first produced; of these eleven,
seven were still completely refractory to histamine while four showed some evi-
dence of returning sensitivity. The objective reaction was unchanged throughout
the experiment. One patient was tested 2, 4, 19, 24, and 48 hours after refrac-
toriness was first produced. Complete refractoriness was still present at 2 and 4
hours; at 19 hours pricking and soreness was noted; mild pruritus developed
after 24 hours, and was present in its original intensity after 48 hours. The inter-
mittent nature of itching in many dermatoses may be due to refractoriness to
histamine. In this connection, severe excoriations of an itching dermatosis such
as lichen Vidal or pruritus ani may liberate excessive histamine by tissue injury;
temporary refractoriness may then ensue.
Relations Between Itching, Burning and Pain
Experiments with multiple injections of histamine into a single site demon-
strate that burning can be produced by a stimulus that initially elicited only
tehing. In general, the formula for this development is
y = 3x
where y is burning and x equals the itching produced by a single injection of
histamine. It was then postulated that if burning could be produced by an itch
stimulus, it might be possible to elicit pain if a further summation effect was ob-
tained. The subject utilized was one in whom burning had been produced by
three injections of histamine in a single site. The temperature of the flexor sur-
face of the forearm was raised to 39°C. by infra-red light. This produced a diffuse
erythema with burning of moderate intensity. Three injections of histamine,
1: 10,000, were made in a single site at three minute intervals. Transient pain
was noted immediately following the third injection. This experiment was re-
peated in two other patients, but without the development of pain. In a second
experiment, the temperature of the skin was raised to 41°C. and histamine in-
jected as before. It should be noted that elevation of skin temperature to 41°C.
produced burning of more severe intensity. In this experiment, the amount of
whealing was not increased following successive injections of histamine. This may
be due to increased blood flow at higher temperatures, as suggested by Lewis
(bc). In three of eight experiments performed to date, definite pain has been
produced by the second or third injection of histamine. According to the above
experiments, the formula for the development of pain is
p = y' + y2
where p = pain, y' = burning produced by repeated injections of histamine
and y2 = burning produced by infra-red light. It would seem that as the degree
of tissue injury is increased, the intensity of the resulting sensation is increased
as well. It should be mentioned that Rosenthal and Sonnenschein (12) believe
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that pain can be produced by the intradermal injection of 0.02 millileter of hista-
mine dihydrochioride in concentrations of 10 and 10—18 (The histamine was
contained in physiologic saline solution, which was found to produce non-specific
burning in previous experiments). This experiment was repeated utilizing his-
tamine phosphate in the usual special diluent; pain was not experienced.
Biopsy Study of Histamine Wheals
The degree of tissue damage 15 minutes after a single injection, and 15 min-
utes after four successive injections of histamine, was assessed by biopsy study.
Pathologic findings after a single injection were as follows: The epidermis was
normal and there was minimal edema in the upper cutis. Slight dilatation of the
blood vessels and swelling of the endothelium were present. Diapedesis of oc-
casional red blood cells was seen. Slight edema and a few lymphocytes were
present in the perivascular spaces. After four injections were given, the findings
were similar, but the intensity of the reaction was somewhat increased. Con-
siderable hydropic infiltration was noted in the individual prickle cells and some
washing out of the basal cell margin was present. The vessels were mildly dilated
in the upper cutis and showed swelling of the endothelium. Considerable pen-
vascular edema was present. The cellular reaction was scanty and consisted of
small and large round cells with moderate diapedesis of red blood cells into the
perivascular tissues. Eosinophils were not seen.
PHYSICAL AND ENVIRONMENTAL FACTORS INFLUENCING THE
DEVELOPMENT AND SEVERITY OF HISTAMINE PRURITUS
Both physical and psychogenic factors may affect considerably the develop-
ment and severity of pruritus. The influence of psychogenic factors has been
discussed in a previous report (1). Remaining for study are a varied group of
physical, endocrine, and environmental factors which may modify the course of
itching.
Daily and Weekly Testing in Twelve Control Patients
In previous studies (1), great variation in the subjective reaction to histamine
was found in different subjects; individual variations were on a smaller scale. In
an effort to determine the relative variations in reactivity in a given person, a
series of twelve controls were tested daily for one week, then once weekly for an
additional four weeks. Dilutions of histamine employed were 1:1000, 1:10,000,
1:100,000, 1:1,000,000 and 1:10,000,000. A control injection of buffered saline
was given on each occasion. The reactions in the twelve subjects tested are shown
in Figure 1. In the graph, deviation of one square from the base line indicates a
ten-fold change in dilution of histamine. The minor variability in reaction shown
in these twelve controls is not completely accurate. In later repeated experiments
on two individuals, variations of a smaller order were not infrequent. Specifi-
cally, itching might be produced on one day with a 1:400,000 dilution of hista-
mine; on the next with a 1:600,000 dilution, and at another time by a 1:800,000
dilution. Tests utilizing dilutions of oniy 1:100,000 and 1:1,000,000 would not
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have shown these variations. However, reactions were constant on any given
day (tests were performed routinely in the afternoon). Further studies, then,
seemed indicated to determine some of the factors influencing variations in reac-
tivity.
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Fio. 1. Daily and weekly determination of itch thresholds in controls
Average Itch Threshold
As a base line study, one hundred patients were analyzed to determine the
average range of subjective reactivity to histamine. Figure 2 shows that the usual
range of threshold reactivity varies between 1:1000 and 1:1,000,000; with the
majority of patients, the threshold was in the 1:100,000 range.
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Variations in Intensity of Itching on the Upper Extremities
Sixteen patients were tested with an identical dilution of histamine on the
flexor surface of the wrist and mid-forearm. Seven of the sixteen were tested also
on the flexor surface of the lower arm. The dilution of histamine used was that
which previously caused threshold reactivity. The reactions in various areas were
compared. The results of this experiment are shown in Figure 3. In these six
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Fio. 2. Histamine thresholds in 100 patients
graphs, the body surface indicated by the straight line is used as a basis for com-
parison. Actually, the intensity of itching varied somewhat from patient to pa-
tient. The irregular graph to the right of the base-line indicates changes in in-
tensity of itching as compared with the base-line. The intensity of itch was
graded from 1 to 4. Deviation of 2 squares on the graph is equivalent to a single
grade of intensity of itching. It is apparent that variations in intensity of itching
are not consistently different on the wrist and forearm. Reactions on the arm
tended to be less intense than on the wrist or forearm. Comparisons between
438 THE JOURNAL OF INVESTIGATWE DERMATOLOGY
•GT
.—
Il34$li$2llUN5I I,1414,I,.I.jN5
IU?
—
III41I)I4UIDN5 I1,4s.,,,uul,w
—
*IT 4
•
1131141 1114347
II) (In
I4W4
r
1134147 11)4)47
047 ((IT
• Jrr
431421 7$IIIIRN5I 133134 I$IIU1UN5
(In
—
r-n
1131(411 •PIIN5 112121 S3UUDI45h
FIG. 3. Variations in intensity of itching on the upper extremities
Variations of Itch Threshold in Different Body Areas
A comparison was made of the itch threshold on the flexor surface of the
forearm, the antero-lateral aspect of the leg, and the upper back. These compari-
sons are shown graphically in Figure 4.
In Figure 4 the itch threshold rather than intensity of itching was taken as a
basis for comparison. In the upper graph the forearm, and in the lower graph
the upper back, was taken as a base line. Variations in the itch threshold from
that shown in the base-line area are represented in the 3 irregular graphs at the
right. When the forearm was used as a basis for comparison, the itch threshold
on the back tended to be elevated, while on the leg the reverse was true. In the
contralateral areas on the forearms and on the wrists demonstrated that the itch
threshold was identical in the contralateral areas in all patients. However, the
intensity of itching varied slightly in several patients.
0
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lower graph, the upper back was taken as a base line. In this instance the itch
threshold tended to be lower on the leg.
In summary, the itch threshold in the three areas was uniform in only two
patients. On comparing the sensitivity to histamine in the three areas, thresholds
in any one region might be higher or lower than in others. Generally speaking,
the itch threshold tended to be lower on the leg, intermediate on the forearm,
and higher on the back.
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FIG. 4. Variations in itch threshold in different body areas
Day and Night Varitaions in itch thresholds
In a previous experiment (1), the itch threshold in two patients was found
to be greatly decreased at night. A further study of this phenomenon seemed
indicated and was accordingly performed in twenty subjects. Tests were made
at 10:30 A.M., 2:30 P.M. and 10:30 P.M. The results are shown in Figure 5.
In this graph the morning thresholds were used as a basis for comparison.
The itch threshold was identical in the three test periods in four patients.
Thresholds determined in the aftertioon showed no consistent variation, but
showed a slight tendency to elevation. In the evening, however, the itch thresh-
old was lowered in the majority of subjects. It was never elevated over the
09909 8009 710
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morning determinations. These findings confirm the well known clinical observa-
tion that the tendency to itch is greatly increased at night.
Skin Temperature Studies in Control Subjects
It was not possible to perform the current experiments in a constant tem-
perature room. Accordingly, a temperature control was deemed advisable. These
controls experiments were run in the spring months, during which time the
environmental temperature varied between 70°F. and 75°F. Temperature deter-
minations were made using a standard thermocouple attached to a Leeds and
Northrup potentiometer. With this apparatus the surface skin temperature is
read in degrees Centigrade on an indicator dial. It was realized that these tem-
perature readings were not completely accurate, but the degree of variation was
considered to be within the range of 0.5°C. Readings in several patients were
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Fia. 5. Day and night variation in itch thresholds
compared with those obtained by a Hardy radiometer, and the range of varia-
tion was found to be within the 0.5°C. limit. Frequently the readings were
identical. Control readings were then taken on the flexor surface of the fore-
arm, the upper back, and the mid-portion of the antero-lateral aspect of the leg.
Skin temperatures were obtained in twenty subjects. The average skin tempera-
ture on the upper back was 33.3°C., with extremes from 31.6°C. to 34.9°C. On
the arm the average reading was 32.6°C. with extremes from 29.6°C. to 33.8°C.
The average reading on the upper forearm was 32.6°C. with extremes from
27.8°C. to 33.4°C. On the wrist the average temperature was 32.7°C. with varia-
tions from 29.7°C. to 34°C. The average temperature on the leg was 31.7°C.
with extremes of 27.8°C. to 33.4°C. In a further analysis, the effect of variations
in skin temperature on the intensity of pruritus produced by increasing dilu-
tions of histamine was determined. It was found that the narrow range of tem-
perature variations encountered did not affect appreciably the reaction to his-
tamine.
I
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The records of 40 patients were studied to determine the local increase in
skin temperature after intradermal injection of histamine. Results are shown in
Figure 6. It will be seen in Figure 6 that the skin temperature is raised appre-
ciably during the cutaneous histamine reaction. In general, elevation of tem-
perature is greater in the flare than in the wheal. This difference is more pro-
nounced with the greater concentrations of histamine, due no doubt to the
increased water content of the wheal. The greatest elevation of temperature in
the control group was obtained with 1:1000 dilution and was 3.8°C. This rela-
tively small elevation of skin temperature may contribute slightly to the severity
of itching when histamine is used in higher concentrations.
Dilution of
Histamine
Average Elevation of Skin Temperature (°C.)
WHEAL FLARE
1:1000
1:10,000
1:100,000
1:1,000,000
1:10,000,000
1.24
1.53
1.42
1.15
0.35
1.8
1.74
1.65
1.10
0.4
Fm. 6. Increase in local skin temperature in 40 patients following intradermal injec
tions of histamine.
Electrical ,Skin Resistance as a Control Procedure
As an additional control observation in patients injected with histamine, the
electrical skin resistance (galvanic skin response) was determined at each period
of testing in the primary control group of twelve patients. The instrument used
was an R.C.A. Junior Voltohmyst. The resistance was read in ohms. All read-
ings were made on the palmar surface of the index and middle fingers. The areas
to be tested were first anointed with a sodium chloride paste used to make con-
tact in electrocardiogram determinations. The applicators were then strapped
onto the fingers with adhesive tape. The two silver chloride electrodes were 5
by 1.2 cm. in size and covered most of the pahnar surface of the distal phalanges,
the middle phalanges, and part of the proximal phalanges. Readings were taken
from the ohm scale either as 1/1000 or 1/100,000 of the resistance in ohms. Re-
sistance varied between 500 ohms and 1,000,000 ohms. The majority of read-
ings were between 100,000 and 300,000 ohms. As noted by previous investigators
(13), resistance levels varied greatly from patient to patient and in the same
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patient. The main purpose of using the voltohmyst was to determine fluctu-
ations in the emotional state of the patient. This was found possible only
in a relative sense, since readings varied greatly when taken on different
days or weeks. The electrical skin resistance could not be correlated with the
emotional state of the patient on a particular day. Consecutive readings taken
during a single sitting, however, showed variable drops when the patient realized
that an injection was to be given. The average decrease in resistance at this
time was 17 per cent. Generally speaking, it did not decrease further during
the performance of the intradermal tests. The resistance was found to drop when
traumatic experiences in the patient's emotional life were discussed. It was influ-
enced also by physical and environmental conditions such as temperature, hu-
midity, and the amount of sweating. As before stated, the resistance level was
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Fio. 7. Itch thresholds in various stages of the menstrual cycle
found to be an unreliable indication of the patient's emotional state, and the
procedure was discontinued during later experiments.
Effect of the Menstrual Period on the Itch Threshold
A not uncommon observation in patients with pruritic dermatoses has been
an increase in the severity of itching during the menstrual period. Accordingly,
the itch threshold was determined in eighteen patients, during the period, mid-
way between periods, and two to three days prior to the period. The findings
are shown in Figure 7. In this graph, the itch threshold in the intermenstrual
period was used as a basis for comparison. The threshold was unchanged in five
patients during the three test periods. No consistent differences in the threshold
were found just before or during the menses.
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Effect of Marked Changes in Skin Temperature on the Itch Threshold and on the
Intensity of Pruritus
An initial experiment was performed on twenty patients in whom the itch
threshold had been previously determined. The skin temperature on the forearm
was raised to 39°C. by a five minute exposure to a standard infra-red lamp. The
itch threshold was again determined. The same twenty patients were then sub-
jected to a second experiment. Following initial threshold determinations, the
temperature of the skin was reduced to 25°C. by immersing the forearm in cold
water for periods up to ten minutes, and the threshold was re-determined. The
results of these experiments is shown graphically in Figure 8. In these experi-
ments, the itch threshold at normal skin temperature served as the base-line
observation. It will be noted that at 39°C., the itch threshold was lowered in
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FIG. 8. Effect of elevation and reduction of skin temperature on the itch threshold
all but five patients. An interesting finding was brought out in two subjects.
When the temperature of the skin was raised to 39°C. the ensuing burning par-
tially masked the sensation of itching. As the temperature was increased still
further, the burning became more severe, and the masking effect on itching
increased. This may explain in part the clinical observation that pruritus may
be improved by immersing the affected part in very hot water. However, such
treatment is not recommended, since the intensity of itching later increased as
the skin temperature returned to normal. When the skin temperature was re-
duced to 25°C., the itch threshold was elevated in a majority of subjects (see
Figure 8).
In a variation of the above experiment in ten patients, the intensity of itch-
ing with a uniform dilution of histamine was compared before and after raising
the skin temperature to 39°C. No consistent differences were found. When the
reverse of this experiment was performed in 14 patients, and the skin tempera-
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ture was reduced to 25°C., itching was decrease idn intensity in nine patients
and was raised in but two. The experiment was modified further in two addi-
tional subjects. The intensity of itching was decreased considerably when the
temperature was lowered to 25°C., but returned to its original intensity as the
skin temperature was restored to normal. Rapid elevation of temperature to
normal was obtained by use of infra-red light. The slight degree of reactive
hyperemia which ensued did not affect the intensity of the itch.
SUMMARY
1. Pertinent literature on the nature of itching has been summarized.
2. When the histamine wheal is increased greatly in size, either by the sub-
cutaneous injection of mecholyl or by superimposed injections of histamine, the
intensity of itching is diminished.
3. When the wheal of an objective histamine reaction is inhibited by apply-
ing a tourniquet with a pressure of 50 mm. of mercury, the flare remains un-
changed, and the itching persists. The flare is apparently an integral component
of itching as produced by histamine.
4. The wave-like character of histamine itching can be inhibited by applica-
tion of a blood pressure cuff and elevation of pressure to 50 mm. of mercury.
The wave-like character of itching may be due to forceful arterial pulsations,
the amplitude of which are diminished considerably by this pressure.
5. Inter-relationships between itching and burning have been discussed; burn-
ing is considered to be a severe form of itching. When an initial intradermal
injection of histamine produces itching, two additional injections at the same
site result commonly in burning. When histamine is utilized and when burning
is considered as y, and itching as x,
y = 3x
6. Refractoriness to histamine can be produced by successive injections in a
single site. After refractoriness develops, it may persist unchanged for as long
as 4 hours and be present residually for 24 hours.
7. Itching can be produced by a burning stimulus in an area of subsiding
anesthesia. The introduction of a sub-painful stimulus (histamine plus infra-red
light) in an area of subsiding anesthesia results in the development of a large
area of surrounding itchy skin.
8. If the skin temperature is raised to 41°C., and if three consecutive injec-
tions of histamine in a concentration which had resulted previously in itching
are injected into a single site, mild pain may be produced. The reaction for this
development is
p = y' + y2
where p equals pain, y' is burning produced by repeated injections of histamine,
and y2 is burning produced by infra-red light.
9. Biopsy studies of histamine wheals reveal that the degree of tissue injury
is greater in the site of four consecutive injections than at that of a single injec-
tion.
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10. Studies of a large group of patients shows that the itch threshold varies
between 1:1000 and 1:10,000,000 with a majority of patients falling in the
1:100,000 range.
11. Consecutive daily and weekly testing in twelve control subjects showed
frequent minor variations in the itch threshold. This indicates the necessity for
control testing immediately prior to any given experiment.
12. The itch threshold was found to vary considerably when tests were per-
formed on the wrist, upper forearm and lower aspect of the arm. Itch thresholds
were uniform on identical areas of opposite forearms, but the intensity of pruritus
varied in twelve out of sixteen patients.
13. Itch thresholds in individual patients were compared between forearm,
upper back and legs. The thresholds varied considerably in these three areas.
In general, thresholds were lower on the leg, intermediate on the forearm, and
somewhat higher on the back.
14. The itch threshold was determined in twenty patients in the morning,
afternoon, and evening of a given day. Thresholds tended to be lower at night
than during the day.
15. Skin temperature was determined on the forearm, upper back, and leg in
twenty patients. Temperature was found to vary between extremes of 29.7°C.
and 34.9°C. in these three areas. Average temperature in the same areas varied
between 32.6°C. and 33.3°C. The narrow range of temperature variation en-
countered did not appreciably affect the subjective reaction to histamine.
16. The electrical skin resistance was found to vary greatly from patient to
patient, and more moderately in individual subjects. This procedure was of no
value as a control observation on the emotional state of the individual.
17. Itch thresholds were determined prior to and during the menses, and in
the inter-menstrual period; no significant differences were found in eighteen
patients studied.
18. Studies in twenty patients on histamine reactions after elevation of tem-
perature of the skin to 39°C. demonstrated that heat tended to lower the itch
threshold. When the skin temperature was lowered to 25°C., the itch threshold
frequently was raised.
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